ABSTRACT: Previous studies on the blends of poly(vinyl chloride), PVC and epoxidized natural rubber, ENR revealed that the two polymers are miscible at all compositional ranges. In this work, the effect of oil palm empty fruit bunch (OPEFB) fiber and poly(methyl acrylate) grafted OPEFB on the thermal and structural properties of PVC/ENR blends were investigated. The composites were prepared by mixing the fiber and the PVC/ENR blend using HAAKE Rheomixer at the rotor speed of 50 rpm, mixing temperature 1508C and mixing period of 20 min. Studies on dynamic mechanical analysis (DMA) indicate that the T g of the PVC/ENR composites shifts to higher temperature with the addition of the OPEFB fiber. Thermogravimetric analysis (TGA) does not show any significant changes in the thermal stability of the composites. However, Fourier Transform Infra Red (FTIR) spectrometry did not reveal the exact nature of interaction involved in the composites.
INTRODUCTION M
ODIFICATION OF POLYMERIC materials by incorporation of natural fiber is being the popular research activities in the composite industry. This has led to great interest in the plant derived materials such as natural fibers as the raw material for the production of conventional and advanced polymer materials. Studies on the blends of poly(vinyl chloride) (PVC) and epoxidized natural rubber (ENR), revealed that the two polymers are miscible at all compositional ranges [1] . This quality has generated interest in further modifications of the blend properties [2] [3] [4] . With regard to fiber reinforcement of natural rubber, Osabohien and Egboh [5] have indicated the potential to utilize bowstring hemp fiber as filler in natural rubber compounds. A number of recent studies involving natural rubber-fiber composites can be found in literature [6, 7] . The effect of various kind of fibers on the properties of thermoplastic natural rubber blends are well described by Anuar and coworkers [8, 9] . In the quest to further improve the properties of PVC/ENR blends, OPEFB fiber was incorporated into the blend to yield PVC/ENR/OPEFB composites. The reports on the grafting of OPEFB fiber with methyl acrylate [10] , physical properties [11] and radiation modification of the PVC/ENR/OPEFB composites [12] were published elsewhere. The present report focuses on the effect of OPEFB fiber and poly (methylacrylate) grafted OPEFB fiber on the thermal properties and fourier transform infra red (FTIR) spectrometry of PVC/ENR blends.
EXPERIMENTAL Materials
Epoxidized natural rubber, grade 'Epoxyprene 50' with 50% epoxidation level was supplied by Guthrie Polymer Ltd as a free sample; poly(vinyl chloride), PVC with K value 70 was purchased from Industrial Resin (M) Ltd. The PVC stabilizer used, tribasic lead sulfate (TS-100M) was purchased from Lonover Scientific Suppliers Ltd., London. Methyl acrylate (MA) used in this study was purchased from Fluka Chemicals, USA. It was passed through a column filled with chromatographic grade activated alumina to remove the inhibitor and stored at À108C. Hydrogen peroxide (Riedel-de-Hazen, Seelze, Germany), ammonium ferrous sulfate (BDH Poole, UK) and other chemicals of analytical grades were used as received.
OPEFB fiber was obtained from Sabutek (M) Sdn. Bhd, Malaysia. In order to remove the excessive wax and other impurities, the OPEFB was washed by soaking in distilled water for 24 h. The fiber was then rinsed with hot water at 608C and acetone prior to drying at 608C in air oven. The particle size of the fibers was reduced to 100-250 mm by using a crusher machine.
Sample Preparation and Formulations

GRAFTING PROCEDURE
Graft copolymerization reaction was carried out at 758C in a thermostat water bath. About 40 g of fiber were placed in a 1000 mL three-necked flask containing distilled water and hydrogen peroxide. This mixture was stirred and continuously heated for 15 min under nitrogen atmosphere. Then, 0.9 g of ferrous ammonium sulfate was added into the mixture and stirred for 5 min. Finally 100 mL of MA was added into the vessel containing the reactant mixture and the mixture was stirred for 3 h. Then the crude products were filtered and dried to a constant weight at 608C. The dried crude products were extracted with acetone.
FORMULATIONS
The recipes used to prepare the PVC/ENR/OPEFB composites are given in Table 1 .
BLEND PREPARATIONS
PVC and the stabilizer were premixed at room temperature in a table-top high-speed mixer at 1200 rpm for 10 min melt blending was carried out at 1508C and 50 rpm rotor speed in a Haake mixer having a mixing cam attachment. The blending was done as follows.
When the desired temperature was reached, ENR was charged into the mixing chamber and mixed for 1 min. The PVC compound was then added and allowed to melt in the mixer for 4 min before OPEFB fiber is charged. The mixing was continued for another 15 min.
The blends from the HAAKE mixer were then compression molded into 1, 3, and 6 mm thick sheets under a pressure of 14.7 MPa at 1608C. The sheets were immediately cooled between two plates of a cold press at 258C.
Thermogravimetric Analysis (TGA)
Thermal degradation studies of the composite were performed using Perkin-Elmer Thermogravimetry Analyzer Pyris 2. Approximately 10 mg of samples were analyzed under the temperature range of 40-6008C at a heating rate of 108C/min with nitrogen gas flow rate of 50 mL/min.
Dynamic Mechanical Analysis (DMA)
Dynamic mechanical analysis was performed using Perkin Elmer DMA-7e in the temperature/time scan mode with a three-point bending mode attachment. The measurements were carried out at a heating rate of 108C/min over a temperature range of À100 to 1508C and a frequency of 1 Hz.
FTIR Spectroscopy
The infrared spectra for this study were obtained using a Fourier transform infra red (FTIR) spectrometer Perkin-Elmer Spectrum 2000 instrument with the diamond attenuated total reflectance (ATR) techniques. 
RESULTS AND DISCUSSION
Thermogravimetric Analysis (TGA)
The thermal behavior of PVC/ENR blend and PVC/ENR reinforced fiber composites were examined by using thermogravimetric analyzer (TGA). Figure 1 shows the thermal degradation pattern of 50/50 PVC/ENR blend composite with 30% fiber content. It can be noted that grafted and ungrafted fiber reinforced PVC/ENR composites do not show any significant enhancement of thermal stability compared to the unfilled PVC/ENR blends. The onset temperature and peak value of the unfilled PVC/ENR blends compared to fiber reinforced PVC/ENR is also similar. Thus it is apparent that the thermal stability of the PVC/ENR blends was not significantly affected by the addition of OPEFB or OPEFB-g-PMA fiber.
Dynamic Mechanical Properties
The transition of a polymeric material from the glassy to the rubbery state has long been recognized as an important material property. The dramatic changes during this transition can be observed by dynamic mechanical analysis (DMA). In DMA experiments the temperature dependence of the storage modulus E 0 , loss modulus E 00 and tan are measured during heating whilst the sample is excited at a particular frequency. Figures 2  and 7 illustrate the temperature dependence of the storage modulus of 50/50 and 70/30 PVC/ENR blend composites, respectively. It is clear from Figures 2 and 7 that the storage modulus shows a sharp decrease at the temperature range À50 to 258C. It is interesting to note that the storage modulus values are lower for the composites compared to that of the unfilled PVC/ENR blend. However at temperatures above 158C the values of the composites are found to remain very much closer. The onset of the modulus drop corresponds to molecular mobility. The lowering of the modulus value is due the incorporation of fiber and depending on fiber treatment. Therefore it can be seen clearly from Figure 2 that PVC/ENR reinforced with untreated fiber exhibits lower modulus compared to treated fiber. The E 0 values for the grafted fiber composites are higher than that of untreated fiber and the degree of loss modulus due to thermal transition is reduced compared to that of ungrafted fiber composite. The higher E 0 values for grafted fiber composites is due to greater interfacial adhesion and bond strength between matrix resins and fiber [13, 14] . The loss modulus (E 00 ) values are a measure of the viscous response of the material, that portion of the material which will flow under conditions of stress [15] . Figures 3 and 6 show the temperature dependence loss modulus of 50/50 and 70/30 PVC/ENR blend composites, respectively. The unfilled PVC/ENR gives a sharp and high peak in the temperature range À25 to 208C. Addition of fiber results in a flattening of the modulus peak. This can be observed from Figure 3 . As the percentage of fiber loading increases from 15 to 30% the peak height has been lowered. The height and area of the OPEFB Fiber Reinforced PVC/ENR Blend peak regions are also indications of the energy absorbed by the system. The maximum dissipation of heat per unit deformation occurs at temperature where E 00 is maximum. Above the phase transition, the decrease in the E 00 is sharper indicating a sharp decrease in the viscosity. The higher the fiber content the less abrupt the decrease in the E 00 value. However, grafted fiber composites exhibit higher loss modulus than ungrafted fiber composites.
Figures 4 and 5 show temperature dependence tan of 50/50 PVC/ENR and 70/30 PVC/ENR blend composites, respectively. The temperature corresponding to the tan peak is taken as T g of the composite. The width of the transition zone indicates the miscibility or compatibility that also reflects the extent of blend homogeneity [16] . Tan peak temperatures for the various combinations showed interaction between the grafted and ungrafted fiber composites as it was shifted to higher temperatures. The PVC/ENR composite with 15 and 30% ungrafted fiber loading and grafted fiber with 30% loading were shifted to higher temperature compared to unfilled PVC/ENR blend. Such observation could be an indication of an interaction between the polymer and the fiber and the restriction of the chain mobility in the crystalline phase [17] . Hence the tan curve reaffirming the reinforcement with fiber increases the stiffness of the polymer matrix. However with addition of 15% of grafted fiber to the PVC/ENR blend, the tan peak has been shifted to lower temperature indicating that PMA grafted fiber improves the flexibility of the composites. OPEFB Fiber Reinforced PVC/ENR Blend PVC/ENR/OPEFB and PVC/ENR/OPEFB-g PMA were almost identical to the spectra of the PVC/ENR blends. No new peak appeared to represent chemical interaction between the functional groups of fiber and PVC/ENR blend. Koeing [18] absorption bands appear. However a peak at 1730 cm À1 which is assigned to C¼O stretching was observed. The intensity of this peak in the grafted composite is sharper and more prominent compared to ungrafted composite and unfilled PVC/ENR blends. This is due to the presence of poly(methyl acrylate) in the grafted fiber. Both 50/50 and 70/30 blend systems exhibit similar spectrum.
FTIR Spectra of PVC/ENR Blend Composites
CONCLUSIONS
Dynamic mechanical analysis (DMA) indicates that the T g of the PVC/ENR composite is shifted to higher temperature with the addition of the OPEFB fiber. Thermogravimetric analysis (TGA) does not show any significant changes in the thermal stability. FTIR spectrometry reveals that there is no formation of any new covalent bond between OPEFB fiber and the polymer matrix.
